Band 3 and its alterations in health and disease.
Band 3 proteins, members of the anion exchange family of proteins (AE 0-3), are involved in a number of physiological activities such as cell volume and osmotic homeostasis, HCO3-/Cl- exchange, red cell aging, IgG binding and cellular removal, and the maintenance of the structural integrity of cells. They are present in the membranes of all cells and cellular organelles examined including Golgi, mitochondria and nuclei. The first polymorphisms of band 3 discovered were the asymptomatic band 3 Memphis variants carrying the Lys --> Gly substitution at position 56 in the cytoplasmic tail, and band 3 Texas (high transport band 3 Texas) with a mutation in the critical transmembrane, anion transport domain (Pro --> Leu substitution at position 868). The rate at which band 3 mutations were discovered accelerated in the mid 1990s and there are now over 50 known. The most common polymorphisms of band 3 are the Diego blood group antigens which reside on extracellular loops of the protein. Southeast Asia ovalocytosis (SAO; a nine amino acid deletion of residues 400-408) is a band 3 mutation known only in the heterozygous state in which it does not cause disease. It is thought to confer resistance to malaria by altering red cell deformability. Band 3 mutations are responsible for a subset of the heterogeneous group of disorders known as hereditary spherocytosis (HS). HS is a relatively common congenital or inherited group of anemias characterized by chronic hemolysis and abnormal red cell morphology. Red cells in the subset of HS with band 3 mutations behave like they are band 3 deficient either because the mutant protein is not incorporated into the membrane or because it is not functional. HS can be caused by mutations in any of at least 5 proteins involved in membrane stability. Band 3 mutations are associated with diseases in cells besides erythrocytes. For example, 2 types of distal renal tubular acidosis are the result of band 3 mutations either alone or combined with SAO. Band 3 alterations are implicated in neurological diseases such as familial paroxysmal dyskinesia, idiopathic generalized epilepsies, and neuro- or choreoacanthocytosis although they have not been demonstrated to be causative. Mutations in other genes can cause changes in band 3. An example is sickle cell anemia where the increased oxidation causes accelerated aging of band 3 and increased IgG binding and cellular removal.